Abstract: This paper considers the problem associated with the stability analysis and stabilization for singular systems with multiple time-varying delays. The delay-dependent stability criterion and the method of designing state feedback stabilization controller are obtained by using Lyapunov second method and LMI techniques. Numerical examples illustrate the efficiency and feasibility of our method.
I. Introduction
Control of singular system with time-delay runs important role in practice and theory due to the following reasons (singular systems also referred to as descriptor systems, implicit systems, generalized state-space systems, differential-algebraic systems or semi-state systems). On one hand, singular systems describe physical systems better than state-space systems (see [1] [2] [3] [4] ). On the other hand, time-delay is often countered in various engineering systems, and it is an important source of instability and poor performance. Considerable amounts of research on it have been done during the last decade. Some scholars paid attention to the class of discrete-time singular systems with time-delay (see e.g. [6] , [9] , [13] [14] ). Some scholars concerned with the continuous-time singular systems with time-delay (see e.g. [8] , [11] [12] ). Since the primary requirement of system is stable, most of them are concerned with the stability analysis and stabilization for systems. The stability and the robust stability have been considered in [10] [11] [12] , [14] , where LMI delay-independent and delay-dependent results have been developed. The stabilization problem has also been treated and results in the LMI setting are reported in [7] and [12] . It is worth pointing out that the study of the singular system with time-delay is much more complicated than that of state-space systems because it requires considering not only time-delay, but also impulse behavior. To the best of our knowledge, the stability problem and the stabilization problem for singular systems with multiple time-varying delays have not yet been full investigated. Particularly, delay-dependent sufficient conditions are fewer even non-existing in the literature. This paper deals with the problem of stabilization for singular continuous-time linear systems with multiple time-varying delays. First, we develop a delay-dependent sufficient condition, which guarantees that the system is regular, impulse free and stable. Based on this, a delay-dependent sufficient condition for the existence of a state feedback controller guaranteeing that the closed-loop dynamics is regular, impulse free and stable is proposed. Finally, two numerical examples are provided to demonstrate the effectiveness of the proposed results. All the developed results are in the LMI framework which makes them more interesting since the solutions are easily obtained using existing powerful tools like the LMI toolbox of Matlab or any equivalent tool, and they are delay-dependent which makes them less conservative compared to delay-independent conditions.
II. PRELIMINARIES AND PROBLEM FORMULATION
Consider the following singular systems with multiple time-varying delays described by 
The nominal unforced system of (1) can be written as
We introduce the following definitions and lemma from [2] and [5] , which will be used in the proof of our main results. 
The purpose of this paper is that for time-varying bounded delay satisfying 0 ( )
is regular, stable and impulse free.
III. MAIN RESULTS

A. Stability analysis
First, we introduce the following result, which will play a key role in solving our problem. Theorem 1 For given positive scalars i h and i d , the singular delay system (2) is regular, impulse free and stable, if there exist a non-singular matrix P and symmetric and positive definite matrices , ,
, such that the following LMIs hold 0
where ( )
and * denotes the symmetric block. Proof According to (7) it is easy to see that 0 (7) and (8), by Lemma 1 it follows that the singular delay system (2) is regular and impulse free. Hence, there exists two orthogonal matrices , . According to (9), let 11 12 21 22 11 12 21 22
From (5) we have 0
T T E P P E = ≥ (10) Noting the expression of E in (9) and using (10) we can deduce that 11 11 0 T P P = ≥ and 12 0 P = . Therefore P reduces to 11 21 22
Then the singular delay system (2) can be decomposed as
where
It is easy to see that the stability of the singular delay system (12) is equivalent to that of system (2).
Pre-and post-multiplying (7) by
and its transpose respectively, we get 
Pre-and post-multiplying (13) 
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Hence, the time-derivative of ( ( )) V x t is given by ( )
1 1 
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By using the Schur complement argument, it follows from (7) that 0 Ψ < , then according to (12) , (15) and
following similar steps as in the proof of Theorem 1 in [10] , we can deduce that the singular delay system (2) is regular, impulse free and stable. This completes the proof of Theorem 1.
B. Stabilization
Now, let us concentrate on the design of a state feedback controller which guarantees that the closed-loop system (4) is regular, impulse free and stable. 
where 
and its transpose respectively, and let 1 ,
we get (16), (17) and (18). So if there exist a non-singular matrix X , a matrix Y and symmetric and positive definite matrices , ,
and (18), according to Theorem 1 the closed-loop system (4) is regular, impulse free and stable. In this case, a state feed-back control law is given by
. Remark From the practical point of view, it is interesting to compute the maximum time delay h of the singular system (4). This can be done by solving the following optimization problem, if the time delay is single delay or multiple delay but i h h = , , , , , (16), (17), (18). It is a convex optimization problem, which can be effectively handled by the LMI toolbox of Matlab.
IV. NUMERICAL EXAMPLES
In this section, we give two examples to illustrate the effectiveness of the proposed method.
Example 1 Consider the singular delay system
Ex Ax A x t h t Bu t h t h h t
Ex Ax A x t h t A x t h t Bu t h t h i h t h t
This means the closed-loop system of (22) is regular, impulse-free and stable. When i h h = ( 1,2), i = according to above Remark, using the LMI Toolbox of Matlab, we can get the maximum delay , h the corresponding calculation results are as follows 
